Abstract. We extend the idea of conformal attractors in inflation to non-canonical sectors by developing a non-canonical conformally invariant theory from two different approaches. In the first approach, namely, N = 1 supergravity, the construction is more or less phenomenological, where the non-canonical kinetic sector is derived from a particular form of the Kähler potential respecting shift symmetry. In the second approach i.e., superconformal theory, we derive the form of the Lagrangian from a superconformal action and it turns out to be exactly of the same form as in the first approach. Conformal breaking of these theories results in a new class of non-canonical models which can govern inflation with modulated shape of the T-models. We further employ this framework to explore inflationary phenomenology with a representative example and show how the form of the Kähler potential can possibly be constrained in noncanonical models using the latest confidence contour in the n s − r plane given by Planck.
Introduction
The idea of spontaneous conformal/superconformal symmetry breaking in inflation [1] [2] [3] explains meticulously how different class of inflationary models can make very similar observational predictions, even though their formulations are entirely different and their potentials are apparently uncorrelated. Examples include Starobinsky model [4] , chaotic inflation with λφ 4 potential and non-minimal coupling to gravity ξ 2 φ 2 R (ξ > 0) [5] , Higgs inflation with ξ < 0 [6] among others. With the advantage of this mechanism one can also propose new class of inflationary models [3] which form a universality class and in terms of observational data they all have an attractor point in the leading order approximation and these class of models are termed as conformal attractors. The scheme of these conformal attractors is the following: One starts with at least two real scalar fields. The first one is the good old inflaton field φ that is responsible for inflationary dynamics. The second one(s) is(are) a conformal field(s) χ, called conformon. These so-called conformons are conformally coupled to gravity and usually their kinetic terms are canonical, albeit with opposite sign. In addition, the potential terms consist of an SO(1, 1) symmetry breaking arbitrary function F ( φ χ ) and the total action has a local conformal symmetry. However, as is well-known, the theory of inflation should not be conformally invariant. So, the way one can make inflation happen in the attractor framework is to choose a particular gauge and break the conformal symmetry in such a way that conformal field(s) get(s) decoupled from the inflaton field. Thus the spontaneous symmetry breaking of conformal invariance results in a functional choice of the potential of the form F (tanh
) in Einstein frame in terms of the canonically normalized field ψ. Depending upon the functional choice of the potential one will end up with different models such as Starobinsky, chaotic T-models [3] , etc. Further, in order to realize inflation in terms of observational data, one notices that all of these models have an attractor point given by : 1 − n s = 2 N , r = 12 (N ) 2 in the leading order approximation in 1 N , where N is the number of e-folding of inflation. Hence the name conformal attractors. Thus, in this common framework, idea of conformal attractors explain how different, apparently uncorrelated, inflationary models end up with identical observational predictions. A superconformal version of the attractor scenario can further accommodate complex scalar fields as well but the rest of the mechanism remains the same [7] . This notion has further been been extended to multiple-field inflation scenario [8] , non-minimal inflationary attractors [9] , and all of these models further been generalized to α-attractor models [10, 11] . The major success of these α-attractor models are that one can arrive at different inflationary models from a single Lagrangian, depending upon the different values of a single parameter α in the theory. In these class of models, kinetic term is non-canonical and it has an overall co-efficient α. But in the potential term this parameter α may or may not appear, as it is rather a matter of choice. As a result the value of tensor-to-scalar ratio r is proportional to α and the scalar spectral index n s is independent of it.
What is common among the above models is that, barring α-attractors, all the other models deal with canonical fields. However, conformal breaking of non-canonical fields have not been well-investigated for till date. In fact, there are very few examples in the literature where some non-canonical conformal invariance from some particular superconformal theories have been studied, but eventually some specific choices have made kinetic terms canonical [2, 12, 13] . So, proper development of conformal attractor scenario for non-canonical fields is in need. On the other hand, non-canonical models of inflation have particularly become important in the light of recent observational data. As Planck 2015 confirmed some scaledependence in the power spectrum at 5-σ [14] , non-canonical models, from which one can in general generate scale-dependent power spectrum have become more relevant than ever. So, this is quite timely one does a thorough study of non-canonical conformal attractors by investigating for proper conformal breaking of non-canonical models. The primary intention of the present article is to extend the idea of conformal attractors to generic class of noncanonical models of the inflation and to see if there is any superconformal realization of the setup, finally leading to a demonstration of inflationary phenomenology in the light of latest observations from Planck 2015 [14] . In the process, we will also demonstrate how one can reproduce canonical conformal attractors for particular choice of the parameters from this generic framework.
In this article, our approach is quite generic and straightforward. First, we will start from a rather general form of the non-minimal Kähler potential which is invariant under shift symmetry. We will then choose a particular superpotential phenomenologically, derive the non-canonical action therefrom, make this action conformally invariant by adding necessary terms into the theory. We will then employ this Kähler potential and superpotential to derive a generic action for inflation. Next, we will engage ourselves in demonstrating how one can derive this apparently phenomenological action from superconformal approach. Having establishing a proper superconformal framework for the action, we will then develop the non-canonical conformal attractor scenario using this action, resulting in a generic inflaton potential. This generic potential is found to have parametric choices for which the symmetric shape of the T-model potentials [3] is modulated, The possible reason being higher order terms of non-homogeneous non-canonical kinetic term of the theory. Finally we employ the above framework to demonstrate briefly, with a representative example, inflationary phenomenology in the light of latest observational data from Planck 2015 [14] . We also study its phenomenological implications therefrom and show how one can constrain the Kähler potential from observations.
Basic phenomenological setup
Let us start with a Kähler potential of the form
In this Kähler potential n and p are arbitrary constants and the values of the individual indices m, q can, in general, run from 0 to N with the constraint on h = mn + pq, namely, h runs from 2 to N . Since the Kähler potential Eq.(2.1) respects the shift symmetry for the inflaton fields Φ n i → Φ n i + iC n i , the imaginary component of these fields can be identified as inflaton fields [15] . This is to avoid the usual η-problem [17] . The Kähler potential defined in Eq.(2.1) have a rather generalized form. Based on the particular choices for the indices m, n, p, q, and the values of coupling constants K (mnpq) 12 , one can transform it to supergravity realization of models such as N-flation [16] (in particular, for two-flation), chaotic inflation [17, 18] etc. What we would like to demonstrate in this article is that imposing further constraint on the indices, namely, the power of chiral superfields is greater than 2, leads to a model with non-canonical kinetic terms and the Kähler potential Eq.(2.1) is non-minimal in nature.
The chiral multiplet X plays the roll of an auxiliary field and it attains a zero vev at the time of inflation. The term XX * gives the required potential to the Φ field. In absence of this, by considering the nature of supergravity potential and the nature of shift symmetry in the Kähler potential, the potential will not be bounded from the below [18] . However, if we only consider XX * during inflation, this field creates tachyonic instability by acquiring a mass much smaller than the Hubble scale, resulting in the production of inflationary fluctuations and these fluctuations will be added to the source of isocurvature perturbations or to the source of non-Gaussian adiabatic perturbations [19] . This problem can be evaded by adding the term ζ(XX * ) 2 to Eq.(2.1), so that the mass of the X field will become greater than the Hubble scale and the corresponding fluctuations of X will not be generated. Thus this term ensures the stability of inflationary trajectory near X = 0. Once the stabilization is achieved, the field X vanishes and this term becomes irrelevant after inflation. As the stabilizer field plays a crucial roll in the construction of supergravity inflation people have investigated the nature of this field. The roll of a stabilizer field in supergravity inflation and its stabilization issues has been discussed and explained in detail in [12, 13, 16, 18, 20, 21] . Some recent proposals to identify this as an sGoldstino, a supersymmetric scalar partner of goldstino fermion can be found in [20] . Alternatively, one can also propose a framework to replace stabilizer field by nilpotent superfields in the Kähler potential [22, 23] . We will, however, consider the widely accepted stabilizer field approach.
After some simple algebra, Eq.(2.1) yields the following kinetic terms
In principle, one can directly work with the above kinetic term. It is, however, suggestive to decompose the complex superfields Φ 1 and Φ 2 into a pair of real scalar fields
This will make calculations tractable. In terms of this pair of real scalars, the above kinetic term Eq.(2.2) turns out to be
where the coefficients are given by
Now, in order the inflation to take place, one needs to consider a sufficiently flat direction. Note that due to the shift symmetry the Kähler potential vanishes for θ 1 = (2l + 1) π 2n and
, where θ 1 and the θ 2 are the phases of Φ 1 and Φ 2 respectively (see Eq.(2.3)), and l = 0, 1, 2, · · · . So, along these flat directions the fields φ a and φ c will be stabilized at a point where the Kähler potential is minimized. One can easily check that these fields, φ a is stabilized at φ a = φ b cot
and φ c is stabilized at
and X is at X = 0. As a result, the kinetic term Eq.(2.4), along the flat direction, takes the form
where the redefined coefficients along the flat direction are
and,
Combining all these, and for φ b = φ d = φ, the kinetic term in Eq.(2.9) takes a rather elegant look
where
is positive definite. Using the terms Eq.(2.10), Eq.(2.11), Eq.(2.12), Eq.(2.13), let us propose a superpotential of the form,
The F-term scalar potential in supergravity is given by
with
and
One can also check that the Kähler potential Eq.(2.1) is invariant under the following transformations separately X → −X (2.20)
Since the Z 2 symmetry Eq.(2.20) imposed on the stabilizer field X and also during the inflation this field acquires a mass of the order of the Hubble scale and therefore stabilized at the origin X = 0 helps us to look into the scalar potential (see ref. [20] ) as and φ c is stabilized at
, as a result Kähler potential K(Φ 1 , Φ 2 , Φ * 1 , Φ * 2 , 0, 0) vanishes and the exponential prefactor appearing in the potential can be dropped. Then the relevant term for the potential is given by
For the dynamics of the single field inflation we assume φ b = φ d = φ and we write potential as
Clubbing terms Eq.(2.14) and Eq.(2.25) together we get the total Lagrangian as
In order to build a theory for conformal breaking of this non-canonical field, we have to add necessary terms to the Lagrangian : first, this field should be coupled to R and secondly, we have to add the conformon field to the Lagrangian in an equal footing in kinetic term and in coupling to R term. By adding these terms and including corresponding potential term for conformon field in Eq.(2.26), one can write this Lagrangian in Jordon frame as
where C (h) is the coupling constants for the conformal field. Here the term F φ χ have been added to confirm quasi de Sitter evolution after the conformal breaking [3] . Note that in this supergravity framework, only 0,1,2 values of the indices m and q are relevant and the other values of these indices will not contribute to the kinetic term significantly, which is evidented from the expression Eq.(2.15) . However, as we are going to show in the next section, a superconformal approach leading to the same form of the Lagrangian defined in Eq.(2.27) may, in principle, allow all powers of the dimensionless coupling constant or all possible values of indices m and q, since there is no stringent constraint on it from superconformal theory.
Superconformal realization of the setup
In the last section, we have given a phenomenological framework to construct a Lagrangian defined in Eq.(2.27) required for the study of conformal breaking of non-canonical fields. In this section we will demonstrate how the above Lagrangian Eq.(2.27) can be derived from the superconformal action. For this purpose, let us start our calculation by considering two complex scalar conformons X 0 1 and X 0 2 , in the Kähler embedding manifold N (X,X) along with scalar superfield X 1 = Φ as inflaton and an sGoldstino X 2 = S as a stabilizer field. In terms of this embedding Kähler potential N , general superconformal action for scalar-gravity part is defined [7] as
where W(X) is the superpotential and G IJ is the Kähler metric which is defined as
. For our calculations we only need to consider a local conformal invariance in Eq.(3.1) and need not bother about the other symmetries provided by the superconformal theory such as local special conformal symmetry, local U (1)R symmetry etc. This clearly indicate that, in this approach, we do not want to construct the potential term from the superpotential W(X). The only requirement on the potential term V (X,X) to get the local conformal invariance in Eq.(3.1) is that it should be homogeneous and second degree in both X andX [2] , which is stated as
With this condition the superconformal action Eq.(3.1) becomes conformal action with the scalar-gravity Lagrangian
Imposing the condition Eq.(3.3) we can choose a potential of the form
Also we consider an embedding Kähler potential manifold
One can easily check that this embedding Kähler potential satisfies the following conditions
where N I ≡ ∂N ∂X I , and
This means that N should be homogeneous and first degree in both X andX, which implies
It has been shown in [2] 
Now, in terms of N (X,X) defined in Eq.(3.6) and in terms of potential defined in Eq.(3.5), the action Eq.(3.4) reads
It goes without saying that since this action has been constructed according to the conditions Eq.(3.7),Eq.(3.8) and Eq.(3.3), it has local conformal invariance under the above transformations Eq.(3.10) and the Kähler matrix G IJ takes the form
We are now in a position to construct the action that we defined in Eq.(2.27). In order to do so, we will only consider the case in the above Kähler matrix G IJ leading to flat direction, and hence the condition is
Written explicitly, the components of this flat Kähler metric are as follows:
(3.14)
In terms of these components the Lagrangian Eq.(3.10) takes the form
Here we have not written the terms associated with the stabilizer field as we know that this field attains zero vev during inflation. If we assume the fields are real
then the Lagrangian Eq.(3.17) in terms of these real fields look
In the process, we also gauge away the second conformal field η from the above theory by fixing the gauge
with an additional condition ab
, and Eq.(3.19) then takes the form
The resulting equation above exactly matches the erstwhile supergravity derived phenomenological model Eq.(2.27) proposed in the previous section under the following identifications: d = h, a = mn 1 , b = pq and K (d) = K (h) . As claimed earlier, since the dimensionless 1 one can also start with a Kähler potential K = N d=a+b
in section (2) and can arrive at Eq.(2.27), there this will exactly coincides. 
Single field non-canonical conformal attractors
Having convinced ourselves about the theoretical framework, let us now employ this scenario in proposing conformal attractor framework for non-canonical fields. For this, we start from the Lagrangian proposed earlier in Eq.(2.27). From the superconformal scenario, we have seen that this Lagrangian is a conformal broken one after the gauge fixing of second conformon field η. Also from the superconformal point of view that we have discussed in the previous section, this Lagrangian has an enhanced conformal symmetry when N = 2 case, which is canonical and this case has studied in details in [3] and known as conformal attractors. For reader's convenience again we recall the Lagrangian Eq.(2.27) here
Even though this Lagrangian has decoupled from second conformal field η, one can expect some kind of symmetry in presence of the first conformon field χ. We observe that this field possesses a conformal like symmetry under the following transformations
As this series Eq.(2.27) is non-homogeneous, to achieve the invariance in Eq.(2.27) h has to run in above transformation. That is at different powers of these fields, fields has to transform in the same way. As this Lagrangian is discrete, fields has to change the transformation in (n − 1) times to get the invariance. So, to break this invariance we have to choose a gauge with a system of (n − 1) equations of the form
Resolving this constraint in terms of canonically normalized fields ψ, one gets
It is straightforward to verify that, under the above transformation, the Lagrangian in Jordan frame Eq (2.27) reduces to a form which consists of canonically normalized field only, in terms of the redefined field ψ. Now Eq.(2.27) reads in Einstein frame as
One can readily choose K (h) = C (h) , so that the resulting Lagrangian boils down to conformal attractors for h = 2 case:
From Eq.(4.7) one can easily see that each ψ h−1 are not strictly independent, so each of these fields can be written in terms of a single field ψ as
It is obvious from the above equation that finally, our framework essentially becomes an intrinsically single field model in Einstein frame. One can readily check that if one puts this field back in the Lagrangian in Einstein frame Eq.(4.9), one readily gets back a non-canonical single field model. So, we are essentially dealing with non-canonical conformal attractors, which is the primary target of this paper.
Consequently, the final Lagrangian takes the form
It is interesting to check that for N = 2 and for K (2) = 1 in Eq.(4.11), model becomes canonical and reduces to the result obtained in [3] whereas for any other choice this gives rise to non-canonical conformal attractors. Thus, one can get back canonical conformal attartors for particular choice of the parameters from this generic framework. This framework thus generalizes the conformal attractors as well. Also for N = 2 and for K (2) = 1 in Eq.(4.11), functional form of the potential become F (tanh
) and for the choice of the potentials
) these are known as T-models and it has been shown in the Fig.(1) , where the shape of these models symmetric in nature. But in our case we have to consider N ≥ 2 in Eq.(4.11) as a result in the Fig. (2) one can see that symmetric shape of the T-models have been altered due to the effect of non-canonical fields in terms of the original conformal variables, for the particular functional choice of the potential of the form )) proposed in [3] for n = 1, 2, 3, 4 (blue, orange, green and red respectively.) 
. Figure represents for N = 3, n = 1, 2, 3, 4 (blue, orange, green and red respectively.). Here we have chosen coupling constants λ n and K (h) are unity just for comparison and simplicity. Note that the green plot for n = 3, is bounded from above (at 45) and the red plot for n = 4 is also bounded from below (at -80), similar to the other ones.
Certain discussions on the shape of the potential are in order. In [3] it has been shown that switching from Jordan frame to Einstein frame in these class of models causes the exponential stretching of moduli space and as a result exponential flattening of scalar potentials occur even if these potentials are very steep in the Jordan frame. Thus one can see the ex- 
for different values of N = 2, 3, 4, 5 (blue, orange, green and red respectively.) for λ n = 1, n = 1 and Figure 4 .
Effects of coupling constants
for different values of N = 2, 3, 4, 5
(blue, orange, green and red are respectively.) for λ n = 1, n = 1 and for arbitrary values of
ponential flattening in the shoulders of T-model in Fig.(1) . But from Fig.(2) one can see the exponential stretching in the potentials is slightly modulated in the left shoulder of asymmetric potentials due to the sharp dip, even this potentials have made a switching from Jordan frame to Einstein frame. This asymmetry in the shape of the potentials and the slight modulation in the exponential stretching arise only because of the presence of the non-canonical terms. This will be clear from Fig. (3) (all coupling constants in the potentials taken as unity for comparison and simplicity) which shows how this potential behaves depending upon the different values of N . For N = 2 Fig.(3) produces the T-model and when N ≥ 3 all those non-canonical effects are added and result in asymmetric T-models and causes a dip in the exponential stretching in the potentials. For arbitrary values of the coupling constants these potentials will behave slightly differently, which is shown in the Fig.(4) . Note also that for all of the representative cases, inflation happens at a local minimum even though for some the global minimum is elsewhere.
Inflationary phenomenology
Let us now employ the above framework to demonstrate briefly, with a representative example, inflationary phenomenology in the light of latest observational data from Planck 2015 [14] . We will start with the inflaton potential derived in Eq.(4.12)
In what follows will mostly concentrate on the example of super-Planckian fields ψ >> 1 for which the above potential Eq.(5.1), and subsequently, the Lagrangian Eq.(4.11) can be approximated as
Now one may wonder why in this approximation suddenly the coupling constants disappear from the theory. We here remind the readers that our attempt is only to study the noncanonical effects and not to study the effects of coupling constants and not to constrain the values of these coupling constants from observation. Even though we neglect the effects of coupling constant in the leading approximation, we can still study the effects of non-canonical fields in these theories. After all these approximations, we can still see in the Eq.(5.2) the values of N plays the crucial roll in the dynamics and this N ≥ 2 value strictly represents the non-canonicity in the theory.
We will now play a trick to make calculations easy, without losing any intrinsic property of non-canonical conformal attractors. What we will do is to propose a field redefinition of the form N (N + 1)(2N + 1) − 6 24
where the redefined field ξ turns out to be an effectively canonically normalized field. Consequently, in terms of this redefined field ξ, the kinetic term of the Lagrangian Eq. Consequently, the super-Planckian limit ψ 1 essentially boils down to ξ 1 and slow roll for ψ essentially leads to slow roll for the redefined field ξ.
Note that even though the paradigm describes a non-canonical field, this variable transformation enables us to treat is effectively as a single canonical field and makes the subsequent calculations easy to handle. We however remind the reader that this is just a mathematical trick we play, and intrinsically the field still remains non-canonical and no intrinsic property of non-canonical field is lost as such.
In terms of this redefined, canonical, single field ξ, the Lagrangian reads Further, in terms of this new potential in the above Lagrangian Eq.(5.6), the slow-roll parameters look
where N is the number of e-foldings and the parameter α is defined as above. It is now straightforward to calculate the observable parameters using the above slow roll parameters.
In what follows, we only derive the two significant observable parameters namely, the running of spectral index and the tensor-to-scalar ratio, and confront with the confidence contour given by Planck 2015 [14] . Given explicitly,
The values of n s and r, as calculated for various choice of the model parameter N , and also for the choice of different number of e-foldings N = 60 and N = 70, have been summarized in the Table (1) and (2) respectively. The allowed regions for those parameters have subsequently been analyzed vis-à-vis the confidence contours from latest observational data in Fig.(5) . From Fig.(5) it is evident that for the number of e-folding N = 60 (blue line), the values of n s from the model fall beyond the 1-σ Planck bound for N > 3. This means that in the noncanonical sector of the theory Eq.(4.11) terms upto 1 + .
Similarly in the case of number of e-foldings N = 70 (green line in the Fig.(5) ), terms upto (1 + K (3) φ + K (4) φ 2 )∂ µ φ∂ µ φ are important in the theory Eq.(2.27), because for N ≥ 5, the predicted n s values are lies beyond the Planck 1-σ bound in the Fig.(5) . Thus one can also constrain the form of Kähler potential Eq.(2.1) from the observation and for an example, for the number of e-folding 70 the value of h should be less than 4.
Thus, one can, in principle, constrain different form of non-canonical kinetic sector from the observation for different functional choice of the potential defined in Eq.(4.11).
Summary and Outlook
In this article we have developed a non-canonical generalization of the class of conformal models with universal attractor behaviour and have also established a superconformal realization of the same. We found that in this generalization these class of models the symmetric shape of the T-model potential is modulated due to the non-canonical terms in the original conformal theory. It turns out that exponential flattening of potential at the boundary of moduli space is occurring, when the fields switch from Jordan frame to Einstein frame though gauge fixing is violated partially due to the same non-canonical terms.
We have also engaged ourselves in finding out the phenomenological consequences of these non-canonical conformal attractors via a representative example for inflation. By confronting the values of two significant observable parameters, namely, the running of scalar spectral index n s and the tensor-to-scalar ratio r, with the confidence contour in the n s − r plane as given by Planck 2015, we tried to put certain constraints on the form of the Kähler potential from observations. It turned out that, for our particular potential under consideration, in the non-canonical sector of the theory only (1 + K (3) φ)∂ µ φ∂ µ φ terms are allowed when one considers number of e-foldings N = 60 and the higher order terms in φ have to be thrown away from the kinetic sector due to observational constraints. Considering an e-foldings N = 70 relaxes the constraint slightly by allowing one more term in the kinetic sector. This mechanism thus helps us put certain constraints on the erstwhile arbitrary Kähler potential from observations.
As α-attractor models are generalized version of conformal attractors, it is expected that our analysis for non-canonical conformal attractors should, in principle, be generalized to non-canonical α-attractor as well. It is also interesting to investigate if our single field inflation approach can be extended to multifield inflation models as well and the possible consequences therefrom. Further, as has been shown in a recent interesting paper [24] , the α-attractor framework can be employed to study late time phenomena like dark matter and dark energy models. In the same vein, it would be interesting to see the possible consequences of these non-canonical attractors in late time universe. We hope to address some of these issues in near future.
